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Description

The presentinvention generally relates to an opti-
cal pickup, and particularly relates to an optical pickup
used for detecting a focusing error by an astigmatism
method.

There exists an apparatus for recording infor-
mation onto an optical information recording disk
(hereinafter, merely referred to as an optical disk) or
reading recorded information from the optical disk. In
such an apparatus, an astigmatism method is known
as one of the methods of detecting a focusing error of
a light beam irradiated from a pickup for record-
ing/reading information,

As the optical pickup used for detecting the focus-
ing error by this astigmatism method, there has been
conventionally proposed such an apparatus as shown
in Fig. 1. In the drawing, light emitted from a light
source 1 such as a laser diode, or the like, enters a
half beam splitter 2 and is partially deflected by its ref-
lection surface. Then, the thus deflected light radiates
through an objective lens 3 onto a recording surface
of an optical disk 4 as a focused beam. The light ref-
lected from the optical disk 4 in response to the light
irradiated onto the optical disk 4 is converged by the
objective lens 3 and transmitted through the half
beam splitter 2. At this time, astigmatism is hardly
generated in the light transmitted through the halif
beam splitter 2 because the light-incident and emitting
surfaces of the half beam splitter 2 are set perpen-
dicularly to an optical axis of the reflect ion light.

The light transmitted through the half beam split-
ter 2 is made astigmatic by its passage through a
cylindrical lens 5 and thereafter impinges onto an opti-
cal detector 6. Being astigmatic, the shape of the lumi-
nous flux imaged on a light-reception surface of the
optical detector 6 is changed depending on the
positional relationship between the recording surface
of the optical disk 4 and a convergence point of the
light irradiated onto the disk. In order to detect this
change in shape of the luminous flux, the optical
detector 6 is composed of four individual elements
disposed as if the light-reception surface is divided
into four parts divided by two straight lines perpen-
dicular to each other. The optical detector 6 is
arranged such that its light-reception surface is dis-
posed at the position where the shape of the luminous
flux becomes circular when it is focused (a focusing
error is zero). A sum of respective output is obtained
for each pair of elements disposed opposite to each
other with respect to a center of the light-reception
surface. A differential output between the thus
obtained respective sums of the two pairs of elements
is derived as a focusing error signal. If the optical
pickup and the optical disk 4 are in a predetermined
relationship, the luminous flux at the optical detector
6 is circular and the difference of the sums is zero.
However if the optical disk 4 is displaced in either
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direction, the difference of the sums is non-zero with
the sign of the difference indicating the direction of
displacement.

In the thus arranged conventional pickup, how-
ever, there has been such a disadvantage that much
time is consumed for producing the half beam splitter
2 because it is necessary to fabricate the haif beam
splitter 2 by sticking glass optical elements or the like
to each other, resulting in an increase in cost as well
as increase in weight of the apparatus.

Further known is another conventional
apparatus, shown in Fig. 2, proposed to eliminate the
foregoing disadvantage. The apparatus of Fig. 2
employs a paraliel-plane beam splitter 7 which is pro-
vided with light-incident and emitting surfaces
arranged to be inclined relative to an optical axis of
reflection light.

In the thus arranged conventional apparatus,
astigmatism and the like are given to light by the beam
splitter 7 when the light is passed through the latter
because the light-incident and emitting surfaces of the
beam splitter 7 are arranged to be inclined relative to
an optical axis of converged light. Therefore, it is
unnecessary to use such a beam spilitter that is con-
stituted by glass members or the like stuck to each
other. As a result, the apparatus of Fig. 2 can be
reduced in cost and weight in comparison with that of
Fig. 1. Such an arrangement is shown in JP-A-
59167863 and is reflected by the preamble of claim 1.

The apparatus of Fig. 2 is, however, disadvan-
tageous in that the shape of fuminous flux imaged on
the light-reception surface of an optical detector 6 is
disturbed because not only astigmatism but also other
aberrations are generated by the beam splitter 7 when
the light is transmitted therethrough. Therefore these
disturbances have a bad influence on the focusing
error signal or the like. If the thickness of the beam
splitter 7 is decreased in order to prevent this aber-
ration from being generated, it is difficult to maintain
good surface accuracy of the beam splitter 7 so that
the shape of the focused on the optical disk 4 is dis-
turbed and the disturbance has a bad influence on
recorded information or information to be read.
Further, the direction of the astigmatism generated by
the beam splitter 7 is determined only by the incli-
nation of the beam splitter 7, so that there are restric-
tions in arrangement of the pickup and in shape of the
optical detector in providing separation of the direc-
tion of the astigmatism from the direction of detection
of a tracking signal. These restrictions result in a
reduction in the number of degrees of freedom in desi-
gning the apparatus.

Known is a further conventional pickup having
such the structure shown in Fig. 3. In the drawing, light
irradiated from a light source 1 is made to be substan-
tially parallel light rays by a condenser lens 8. The
light reflected by an optical disk 4 is fransmitted
through a parallel-plane beam splitter 7. Astigmatism
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and the like are hardly generated by the beam splitter
7 because the reflection light caused to be incident
into the beam splitter 7 has been made to be parallel
light rays. The light transmitted through the beam
splitter 7 is converged by a condenser lens 9 and
thereafter astigmatism is given to the converged light
by a cylindrical lens 5.

In the thus arranged conventional apparatus, it is
possible to eliminate the foregoing disadvantages in
the conventional one of Figure 2, because no aber-
ration other than astigmatism is generated. However,
the apparatus is disadvantageous in that the number
of parts and portions to be adjusted are increased,
resulting in increase in size, in cost, as well as in
weight of the pickup.

In the earlier filed EP-A-198655 folling under Art.
54 (3) and thus not being relevant to the question of
inventive step, it has been proposed to comect a
coma, produced by the passage of light through a half
minor, by interposing an optical element between the
half minor and a photodetector, the astigmatisms pro-
duced by the half minor and the optical element being
aligned.

According to the present invention, an optical
pickup for astigmatic focussing of a light beam on an
object, comprising :

a light source ;
an optical detector for providing a focusing error
signal ;
a beam splitter receiving light from the source, for
reflecting at least part of the light through an
objective lens to a first surface of the object
whose position is being determined, and for trans-
mitting through first and second free surfaces of
the beam splitter at least part of the converging
light reflected from the first surface of the object
to the optical detector, the beam splitter being
inclined to the optical axis of the converging light
and producing astigmatism in the light transmit-
ted ;

the objective lens causing the light reflected from

the recording surface to converge towards the

first surface of the beam splitter ; and, the optical
detector receiving the transmitted light from the
beam splitter and having four detector elements
separated by two perpendicular dividing lines,
two summing circuits summing signals from res-
pective pairs of the detector elements disposed

across an intersection of the dividing lines, and a

difference circuit receiving outputs of the sum-

ming circuit and providing a focusing error signal;
is characterised by :

auxiliary astigmatism means disposed between

the beam splitter and the detector in the path of

the transmitted converging light, for producing

adjusting astigmatism in the transmitted lightin a

predetermined direction relative to and different

from the direction of the astigmatism produced in

10

15

20

25

30

35

40

45

50

55

the light transmitted by the beam splitter, the
orientation of the auxiliary astigmatism means
being such that the combination of the astigmat-
ism produced by the beam splitter and the
auxiliary astigmatism means produces astigmat-
ism at an angle which maximises the sensitivity of
the optical detector.

In the drawings :

Figs. 1 through 3 are diagrams showing the res-

pective arrangements of three conventional fo-

cusing error devices ;

Fig. 4 is a diagram showing the arrangement of an

embodiment according to the present invention ;

Fig. 5 is a diagram showing a circuit for operating

a focusing error signal on the basis of a detection

output of the optical detector ;

Fig. 6 is a graph showing the relationship be-

tween the astigmatism generated by the beam

splitter, the astigmatism generated by the cylin-
drical lens, and the combination of the two astig-
matisms ,;

Fig. 7 is a diagram showing results of simulation

of shapes of luminous flux obtained in the

apparatus according to the present invention ;

Figs. 8 and 9 are diagrams showing results of

simulation of shapes of luminous flux obtained in

the conventional apparatuses ;

Fig. 10 is a diagram showing the arrangement of

the optical detectors in the case where a tracking

error is detected by the three-beam method ; and,

Fig. 11 is a diagram showing another embodi-

ment according to the present invention.

Referring to the drawings, embodiments accord-
ing to the present invention will be described in detail
hereunder. )

Fig. 4 is a diagram showing the arrangementofan
embodiment of the optical pickup according to the
present invention. In Fig. 4, items comresponding to
those of Fig. 1 through 3 are correspondingly refer-
enced. In the drawing, light emitted from a light source
1 is deflected by a parallel-plane half beam splitter 7
and the thus deflected light irradiates through an
objective lens 3 onto a recording surface of an optical
disk 4 as a focused beam. The light reflected in res-
ponse to the light irradiated onto the optical disk 4 is
againconverged by the objective lens 3 and transmit-
ted through the half beam splitter 7. At this time, astig-
matism and other aberrations are generated in the
light transmitted through the beam splitter 7 because
the beam splitter 7 is oriented such that its light-inci-
dent and emitting surfaces are inclined to an optical
axis of the reflected light. The reflected light continues
to converge after passing the half beam splitter.

A cylindrical lens 5, provided between the beam
splitter 7 and an optical detector 6, gives astigmatism
only to the light transmitted through the beam splitter
7. This cylindrical lens 5 is arranged such that astig-
matism is generated by the cylindrical lens 5 at a pre-
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determined angle relative to the direction of gener-
ation of astigmatism due to the beam splitter 7. Fur-
thermore, the direction of the combination of the
astigmatism generated by the beam splitter 7 and the
astigmatism generated by the cylindrical lens 5 is
made to provide the maximum sensitivity of the optical
detector 6. That is, the combination of the two astig-
matic effect is made to extend along a line A or A’ on
the light-reception surface of the optical detector 6
shown in Fig. 6. Therefore, in the optical detector 6,
the maximum sensitivity can be obtained as shown in
Fig. 6. In Fig. 6, the reference symbol a designates
astigmatism generated by the beam splitter ; b, astig-
matism generated by cylindrical lens ; and ¢, the com-
bined astigmatism of both of them. In the optical
detector 6 of Fig. 5, the output of an element 6a is
added to that of an element 6¢ by an adder 11 while
the output of an element 6b is added to that of an ele-
ment 6d by an adder 12. Each of the pairs of elements
6a and 6c and of the elements 6b and 6¢ are opposed
to each other with respect to a center 0 of the light-
reception surface of the optical detector 6. The res-
pective sums of the outputs of the pairs are received
by a differential amplifier 13 so as to obtain afocusing
error signal.

Next, in the optical pickup according to the pre-
sent invention, the luminous flux has, for example,
line-like cross-sectional shapes (a) and (c) as shown
in Fig. 7 at two axial points comesponding to two
focused lines resultant from the astigmatism. The
luminous flux has a shape (b} at an intermediate posi-
tion between the points of the focused lines. That is,
shapes (a), (b) and (c) are the shapes at the respec-
tive positions g, ¢, and b of Fig. 4. These shapes were
obtained by simulation using 2 computer. For the sake
of comparison, shapes of luminous flux shapes have
been obtained for both the foregoing conventional
apparatuses in the same manner as described above.
The shapes (a), (b) and (c) of Fig. 8 show the luminous
flux shapes in the prior art device of Fig. 2 and the
shapes (a), (b) and (c) of Fig. 9 show the luminous flux
shapes in the prior art devices of both Figs. 1 and 3.
It is noted that when the position of the optical disc 4
is changed, point a or ¢ is brought toward the optical
detector 6. The optical detector 6 can discriminate not
only the magnitude of the positional change but also
its direction.

Thus, in the conventional apparatus of Fig. 2, the
symmetry of the luminous flux shape, as shown in Fig.
8, is disturbed by the generation of harmful abberation
other than astigmatism. This disturbance has a bad
influence on a focusing error signal. According to the
present invention, however, tie astigmatism is added
by the cylindrical lens 5 to the astigmatism generated
by the peam splitter 7 so that the combined astigmat-
ism is arranged at the beam splitter 7 so that the com-
bined astigmatism is arranged at such an angle as to
provide the maximum sensitivity of the optical detec-
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tor 8. Therefore, as seen in Fig. 7, the shape of lumi-
nous flux are substantially the same as those shown
in Fig. 9 obtained in each of the conventional apparat-
uses of Figs. 1 and 3, and a good-quality signal can
be obtained.

In one type tracking servo, the recording track of
an optical disk 4 is followed by an information record-
ing/reading beam. A pair of optical detectors 10a and
10b are linearly arranged at the opposite sides of the
focusing optical detector 6 as shown in Fig. 10. The
illustrated device provides a so-called three-beam
method. In the conventional pickup of Fig. 2, the orien-
tation direction of the quadruple optical detector 6 is
determined depending on the tracking servo so that
the direction of one of the two dividing lines between
the elements 6a-6d on the light-reception surface of
the quadruple optical detector 6 coincides with the
direction of the track as shown in the drawing. This
orientation prevents a deleterious influence on the fo-
cusing error signal arising from a shadow of the
recording track which would be otherwise generated
when the recording track crosses the quadruple opti-
cal detector 6. Further, the direction of the optical
detector 6 for obtaining the above-mentioned focus-
ing error signal varies depending on the arrangement
of an optical system. Therefore it has been necessary
to replace the optical detector by another one depend-
ing on the arrangement of an optical system.

In the optical pickup according to the present
invention, however, it is possible to desirably set the
direction of generation of astigmatism by the cylindri-
cal lens 5, and therefore it is unnecessary to change
the optical detector even when the arrangement of the
optical system is changed.

Although, a concave cylindrical lens is used as an
optical element for providing astigmatism to the light
through the beam splitter 7 in the foregoing embodi-
ment, the present invention is not limited to this. The
same effect can be obtained by any other optical ele-
ment for generating astigmatism, for example, a toric
lens or the like. Further, although description has
been made as to the case where the paraliel-plane
beam splitter 7 is used in the foregoing embodiment,
any device can be used so long as it can generate
astigmatism. For examgle, such a non-planar beam
splitter 7, as shown in Fig. 11, having opposite sur-
faces which are not parallel to each other may be
used. In short, any beam splitter can be used so long
as it has light-incident and emitting surfaces inclined
relative to an optical axis of converged light irradiated
onto a recording surface of a optical disk.

As described above, in the optical pickup accord-
ing to the present invention, an optical element is pro-
vided between an optical detector and a beam splitter
for providing astigmatism to light passed through the
beam splitter so as to make it possible to adjust the
direction of generation of combined astigmatism to
agree with the direction of the optical detection to
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maximize the sensitivity of the detector. Accordingly,
it is possible to obtain an optical pickup in which high-
quality recorded or read information can be easily
obtained by using only a few components and which
is reduced in size, in weight, as well as in cost.

Claims

1. An optical pickup for astigmatic focussing of a
light beam on an object, comprising :
a light source (1) ;
an optical detector (6) for providing a focusing
error signal ; and,
a beam splitter (7) receiving light from the source,
for reflecting at least part of the light through an
objective lens (3) to afirst surface (4) of the object
whose position is being determined, and for trans-
mitting through first and second free surfaces of
the beam splitter (7) at least part of the converg-
ing light reflected from the first surface (4) of the
object to the optical detector (6), the beam splitter
(7) being inclined to the optical axis of the con-
verging light and producing astigmatism in the
light transmitted ;
the objective lens (3) causing the light reflected
from the recording surface (4) to converge
towards the first surface of the beam splitter (7) ;
and, the optical detector (6) receiving the trans-
mitted light from the beam splitter (7) and having
four detector elements (6a, 6b, 6c¢, 6d) separated
by two perpendicular dividing lines (A, A’), two
summing circuits (11, 12) summing signals from
respective pairs (6a, 6¢ ; 6b, 6d) of the detector
elements disposed across an intersection of the
dividing lines (A, A’), and a difference circuit (13)
receiving outputs of the summing circuit (11, 12)
and providing a focusing error signal ; character-
ised by :
auxiliary astigmatism means (5) disposed be-
tween the beam splitter (7) and the detector (6) in
the path of the transmitted converging light, for
producing adjusting astigmatism in the transmit-
ted light in a predetermined direction relative to
and different from the direction of the astigmatism
produced in the light transmitted by the beam
splitter, the orientation of the auxiliary astigmat-
ism means (5) being such that the combination of
the astigmatism produced by the beam splitter (7)
and the auxiliary astigmatism means (5) pro-
duces astigmatism at an angle which maximises
the sensitivity of the optical detector (6).
2. An optical pickup according to claim 1, wherein
a combination of the astigmatisms produced by the
auxiliary astigmatism means (5) and the beam splitter
(7) is oriented at a predetermined angular orientation
relative to an optical axis of the detector (6).
3. An optical pickup according to claim 2, wherein
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the combination of astigmatisms is oriented along a
bisector (A, A’) of the two dividing lines of the detector
(6).

4. An optical pickup according to any of claims 1
to 3, wherein the beam splitter (7) is a planar beam
splitter.

5. An optical detector according to any of claims
1 to 4, wherein the auxiliary astigmatism means (5) is
a cylindrical lens.

6. An optical detector according to any of claims
1 to 5, wherein the converging means (3) is a lens dis-
posed between the first surface (4) of the object and
the beam splitter (7).

Anspriiche

1. Optisches Aufnahmegerét zur astigmatischen
Fokussierung eines Lichtstrahles auf einem Gegen-
stand

mit einer Lichtquelle (1),

mit einem optischen Detektar (6) zur Herbeifiih-

rung eines fokussierenden Fehlersignals,

mit einem das Licht der Lichtquelle aufnehmen-

den Strahlenteiler (7), um wenigstens einen Teil

des Lichtes durch ein Objektiv (3) auf eine erste

Flache (4) des Gegenstandes, dessen Position

gerade bestimmt wird, zu reflektieren, und um

wenigstens einen Teil des konvergierenden Lich-
tes, das von der ersten Flache (4) des Gegen-
standes reflektiert wird, durch zwei freie Flachen
des Strahienteilers (7) zu dem optischen Detektor

(6) hindurchzulassen, wobei der Strahlenteiler (7)

zu der optischen Achse des konvergierenden

Lichtes geneigt ist und den Astigmatismus in dem

hindurchgelassenen Licht hervorruft,

wobei das Objektiv (3) das von der Aufzeich-

nungsflache (4) reflektierte Licht in Richtung auf

die erste Flache des Strahlenteilers (7) biindelt
und ferner der optische Detektor (6) das vom

Strahlenteiler (7) hindurchgelassene Licht auf-

nimmt und vier durch zwei senkrechte Schnittli-

nien (A, A’) getrennte Elemente (6a, 6b, 6c, 6d)
besitzt,

mit zwei Summierschaltungen (11, 12), die

Signale aus entsprechenden Paaren von Detek-

torelementen (6a, 6¢ ; 6b, 6d) zusammensetzen,

die quer zu einer Schnittstelle der Schnittlinien (A,

A') angeordnet sind, und

mit einer Differenzschaltung (13), die die Aus-

gangssignale der Summierschaltungen (11, 12)

empféangt und ein fokussierendes Fehlersignal

abgibt,

dadurch gekennzeichnet, dal ein zusatzliches

astigmatisches Hilfsmittel (5) in der Bahn des hin-

durchgelassenen konvergierenden Lichtes zwi-
schen dem Strahlenteiler (7) und dem Detektor

(6) angeordnet ist, um in dem hindurchgelasse-
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nen Licht einen Astigmatismus in einer vorgege-

benen Richtung einzustellen, die sich von der

Richtung des Astigmatismus unterscheidet, der

in dem von dem Strahlenteiler hindurchgelasse-

nen Licht hervorgerufen ist, wobei die Orientie-
rung des zusatzlichen astigmatischen Hilfsmittels

(5) derart beschaffen ist, daf bei der Kombination

des Astigmatismus, die von dem Strahlenteiler

(7) und dem zusétzlichen astigmatischen Hilfs-

mittel (5) hervorgerufen ist, ein Astigmatismus

unter einem Winkel entsteht, bei dem die Emp-
findlichkeit des optischen Detektors (6) einen
mdéglichst groBen Wert erreicht.

2. Optisches Aufnahmegerat gemaR Anspruch 1,
bei dem die Kombination des Astigmatismus, die von
dem astigmatischen Hilfsmittel (5) und dem Strahlen-
teiler (7) hervorgerufen wird, auf eine vorgegebene
Winkelrichtung relativ zu einer optischen Achse des
Detektors (6) orientiert ist.

3. Optisches Aufnahmegerat gem&f Anspruch 2,
bei dem die Kombination des Astigmatismus l&ngs
einer Halbierungslinie (A, A’) der beiden teilenden
Linien des Detektors (6) orientiert ist.

4. Optisches Aufnahmegerit geméR Anspriichen
1 bis 3, bei dem der Strahlenteiler (7) ein planarer
Strahlenteiler ist.

5. Optischer Detektor gem&R einem der Ansprii-
che 1 bis 4, bei dem das astigmatische Hilfsmittel (5)
eine zylindrische Linse ist.

6. Optischer Detektor gem&R einem der Ansprii-
che 1 bis 5, bei dem das der Biindelung dienende
Hilfsmittel (3) eine Linse ist, die zwischen der ersten
Flache (4) des Gegenstandes und dem Strahlenteiler
(7) angeordnet ist.

Revendications

1. Lecteur optique pour une focalisation astigma-
tique d'un faisceau lumineux sur un objet, compre-
nant:

une source de lumiére (1) ;
un détecteur optique (6) pour produire un signal
d’erreur de focalisation ; et
un fractionneur de faisceau (7) recevant la
lumiére de la source afin de réfléchir au moins
une partie de la lumiére au travers d’une lentille
d’objectif (3) jusqu'a une premiére surface (4) de
I'objet dontla position doit étre déterminée et pour
transmettre au travers de premiére et seconde
surfaces libres du fractionneur de faisceau (7) au
moins une partie de {a lumiére convergente réflé-
chie depuis la premiére surface (4) de l'objet
jusqu'au détecteur optique (6), le fractionneur de
faisceau (7) étant incliné vers I'axe optique de la
lumiére convergente et produisant un astigma-
tisme dans la lumiére transmise ;

lalentille d'objectif (3) provoquant, pourla lumiére
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réfléchie par la surface d'enregistrement (4), sa
convergence vers [a premiére surface du fraction-
neur de faisceau (7) ; et le détecteur optique (6)
recevant la lumiére transmise depuis le fraction-
neur de faisceau (7) et comprenant quatre élé-
ments de détecteur (6a, 6b, 6¢, 6d) séparés par
deux lignes de séparation perpendiculaires (A,
A’), deux circuits additionneurs (11, 12) effec-
fuantla somme des signaux provenantdes paires
{6a, 6¢c; 6b, 6d) respectives des éléments de
détecteur disposés de fagon opposée par rapport
al'intersection des lignes de séparation (A, A’), et
un circuit effectuant la différence (13) recevant
les sorties des circuits additionneurs (11, 12) et
produisant un signal d'erreur de focalisation ;
caractérisé par :

un moyen d'astigmatisme auxiliaire (5) disposé

entre le fractionneur de faiscau (7) et le détecteur

(6) dans le chemin de la lumiére convergente

fransmise, pour produire un astigmatisme d’ajus-

tement dans la lumiére transmise selon une direc-
tion prédéterminée par rapport & et différente de
la direction de I'astigmatisme produit dans la
lumiére transmise par le fractionneur de faisceau,
l'orientation du moyen d'astigmatisme auxiliaire

(5) étant telle que la combinaison de I'astigma-

tisme produit par le fractionneur de faisceau (7) et

par le moyen d'astigmatisme auxiliaire (5) produit
un astigmatisme selon un angle qui rend maxi-

mum la sensibilité du détecteur optique (8).

2. Lecteur optique selon la revendication 1, dans
lequel une combinaison des astigmatismes produits
par le moyen d'astigmatisme auxiliaire (5) et le frac-
tionneur de faisceau (7) est orientée selon une orien-
tation angulaire prédéterminée par rapport & un axe
optique du détecteur (6).

3. Lecteur optique selon la revendication 2, dans
lequel la combinaison des astigmatismes est orientée
le long d'une bisectrice (A, A’) des deux lignes de
séparation du détecteur (6).

4. Lecteur optique selon I'une quelconque des
revendications 1 a 3, dans lequel le fractionneur de
faisceau (7) est un fractionneur de faisceau plan.

5. Détecteur optique selon I'une quelcongue des
revendications 1 & 4, dans lequel le moyen d'astigma-
tisme auxiliaire (5) est une lentilie cylindrique.

6. Détecteur optique selon I'une quelconque des
revendications 1 & 5, dans lequel le moyen de conver-
gence (3) est une lentille disposée entre la premiére
surface (4) de I'objet et le fractionneur de faisceau (7).
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